INTRODUCTION
Newborn term infants, who are or who appear to be healthy at birth and expected to be at low risk of deterioration, routinely spend their fi rst hours in the care of their mother experiencing 'skin-toskin' and initiating breast feeding. The sudden and unexpected collapse of such an infant is rare but well recognised. [1] [2] [3] [4] There are known associations with primiparous status and postnatal care practices such as breast feeding, prone position and Unexpected collapse in apparently healthy newborns -a prospective national study of a missing cohort of neonatal deaths and near-death events Julie-Clare Becher, 1 Shetty S Bhushan, 2 Andrew J Lyon 1 skin-to-skin 3 5 6 (fi gure 1). Despite initial resuscitation, there is a high risk of death or long-term neurological disability. 3 6-8 In those infants dying unexpectedly within the fi rst week of life, almost 60% are explained following detailed perinatal postmortem. 9 These infants, who are currently unrecognised in national statistics, represent a missing group of child mortality and morbidity due to their rarity in any one region and the diffi culty in classifi cation at the time of death.
We sought to establish the population incidence of sudden unexpected postnatal collapse (SUPC) in apparently healthy infants within the UK to describe situational factors and the cause for collapse was determined.
METHODS
Cases were referred through the British Paediatric Surveillance Unit (BPSU) reporting scheme over a 13-month 
RESULTS
Ninety-one cases were referred of which 32 were errors and 10 were duplications. There were four further cases that were excluded as eligibility could not be reliably ascertained due to missing data. Forty-fi ve cases of SUPC were reported, which fulfi lled the study defi nition (96% ascertainment). Twelve infants died (27%) and 33 infants survived to discharge, all of whom had outcome data available. Table 1 details the cause for collapse in all infants as determined by a pathologist or clinician. Fifteen infants were found to have an underlying condition responsible for their deterioration and of these, six died. In the remaining 30 cases, no underlying condition was found. Of these, there was a clinical or postmortem diagnosis of apparent accidental suffocation in 24 infants, 5 of whom died. In a further 6 cases, no cause was determined and 1 died.
There were 858 466 term live births in the UK and Ireland during the 13 months of study. The population incidence of sudden unexpected collapse within the fi rst 12 h of life was 0.05/1000 (1/19 000) term live births and the mortality was 0.01/1000 (1/72 000) term live births. Where no underlying disease/abnormality of the infant was determined (n=30), the population incidence was 0.035/1000 (1/29 000) term live births.
CHARACTERISTICS OF MOTHER, LABOUR AND DELIVERY Infants with an underlying condition (n=15)
Ten (67%) mothers were primiparous. No mothers smoked and all were in good health during pregnancy. Six infants were born by spontaneous vertex delivery, three by instrumental vaginal delivery and six by caesarean section. In six, there was meconium staining of the liquor.
Infants without an underlying condition (n=30)
Twenty-three (77%) mothers were primiparous. All mothers were in good health prior to pregnancy and two smoked all hospital, university and community consultant paediatrician members of the Royal College of Paediatrics and Child Health and the Faculty of Paediatrics of the Royal College of Physicians of Ireland. Other respondents include non-College members of some specialty groups such as paediatric pathologists. Participants are sent a monthly case report card containing a 'menu' of conditions under surveillance and are asked to report any new cases or 'none seen'. The overall response rate is over 90%. Positive returns are notifi ed to the study team who then collect further information from clinicians.
Included in the case defi nition were infants who were at ≥37 weeks of gestation; had an Apgar score of ≥8 at 5 min; collapsed within 12 h of birth in hospital and required resusci- All infants required positive pressure ventilation following recognition of collapse and 22 received cardiac compressions of whom 10 also received resuscitation drugs. Two infants died immediately despite resuscitative efforts (one with sepsis and one with transposition of the great arteries) and 43 infants were subsequently admitted to a neonatal unit.
NEONATAL DETAILS
Following admission to the neonatal unit, the median pH within 1 h of admission was 6.98 (IQR 6.8, 7.18) and median base defi cit was 17.7 mmol/l (IQR 11.4-23.5). Twenty-three infants developed multiorgan dysfunction (53%) and a further 17 had single organ dysfunction (40%). Figure 2 shows the range of investigations undertaken to determine the cause of collapse in those infants where an underlying abnormality could not be found. Twenty-two (73%) of these infants developed a postasphyxial encephalopathy (8 mild, 6 moderate and 8 severe). Ten MRI scans were reported as abnormal: fi ndings included evidence of intracranial haemorrhage, 3 high signal abnormalities of the white matter 6 and basal ganglia injury. 3 One infant had unspecifi ed abnormalities that were described as consistent with an asphyxial insult.
Subgroup of infants without an underlying condition
Although not a prespecifi ed data fi eld, three infants were notifi ed as receiving therapeutic hypothermia following collapse and one of them died.
OUTCOME
Overall, 12 (27%) of the 45 infants died and 33 infants survived to discharge. Ten of the 12 deaths underwent postmortem examination and two did not (one infant was diagnosed on echocardiogram before death as having hypoplastic left heart syndrome, the other collapsed following presumed accidental suffocation and there was no consent for postmortem). Of the 10 infants undergoing postmortem, an underlying diagnosis was found in 5 (50%). Table 1 details the cause for collapse in all infants as determined by a pathologist or clinician.
Of the 33 infants who survived to discharge, 8 had neurological abnormalities at 1-year follow-up (24%). Three of these children had an underlying cause for collapse including Zellweger's syndrome, cerebral infarction and culture-negative sepsis.
tobacco. Four had hypertension in pregnancy. Eight (27%) mothers were health professionals or ancillary health workers.
Sixteen infants were born by spontaneous vertex delivery, fi ve by instrumental vaginal delivery and nine by caesarean section, one of whom was delivered electively because of a previous caesarean section. Paediatric staff were present at 13 deliveries and in 4, a brief period of intermittent positive pressure ventilation was required. In four cases, there was meconium staining of the liquor. In 11 cases, there was record of a cord gas, median pH 7.18 (range 7.09-7.3) and base defi cit 5.3 mmol/l (range 2-9.5 mmol/l).
CHARACTERISTICS OF THE INFANT
There were 22 (49%) male infants. The median gestational age was 40 weeks (37-42 weeks) and the mean birth weight was 3328 g (range 2260-4030 g). All infants (including those given positive pressure ventilation) had Apgar scores of 8 or above at 5 min of age and were assigned to routine postnatal care with their mother.
CIRCUMSTANCES OF COLLAPSE
The circumstances of collapse are shown in table 2. The median age at collapse was 70 min in those with no specifi c cause for collapse compared with 195 min for those with an underlying condition. In one case, an acute deterioration was witnessed at 6 min of age in an infant who had been vigorous immediately beforehand. This infant died later from refractory hypoxaemia and no cause was determined postmortem.
Collapse occurred between 21:00 and 08:59 h in 25 (56%) cases. Thirteen (29%) infants were presumed to be feeding at the time of collapse. Thirty (67%) women had received analgesia in the form of opiates or had had a regional or general (one case) anaesthetic in the 8 h preceding the collapse.
In 23 cases, the mother or both parents were unattended with their new baby at the time of collapse. When mothers were left alone with their baby, they recognised signs of collapse in around a third of instances. When another parent was present, they recognised the signs of collapse more often (75%). Where clinical staff were present in the room, the staff were always fi rst to recognise the infant's deterioration. Only one of eight mothers employed in the health profession recognised signs of deterioration in their infant. The prevention of sudden infant death syndrome is promoted in parental information at discharge from hospital and in health centres throughout the UK. Parents are explicitly warned of the dangers of placing their infant prone to sleep, allowing blankets to cover their infant's head or putting to sleep on a surface which is not fi rm and fl at. Co-bedding is actively discouraged particularly when the mother may have taken sedative drugs or is unusually tired to a point at which she would fi nd it diffi cult to respond to her baby. 12 13 The high incidence of skin-to-skin, prone position and breast feeding at the time of collapse and the frequency of maternal sedation following an exhausting labour would suggest that risk factors for conventional sudden infant death syndrome are as important in the immediate newborn period as they are on discharge from hospital. Indeed it is artifi cial to draw a distinction because an infant is on hospital premises, particularly where there is a lack of clinical supervision. Moreover, the proximity to delivery in such infants suggests that during this critical period of adaptation, newborn infants may be less able to cope with hypoxic stress, such as airway obstruction. 10 The fi nding that the majority of mothers were primiparous (compared with around 50% of all deliveries) is consistent with the literature on SUPC 3 5 8 14 as is the fi nding that new parents were often left alone with their newborn infant. 6 15 16 Even where an underlying condition was responsible for the infant's collapse, the fact that mothers rarely recognised their infant's deterioration suggests that inexperience and a lack of knowledge of the signs of wellness are important factors and such delay in recognition may contribute to the poor outcomes observed. Vital signs such as colour or respiratory effort may also be more diffi cult to observe if maternal mobility is impaired due to pain, postoperative status or spinal anaesthesia.
For the signifi cant majority of newborn infants, it is clear that breast feeding and skin-to-skin practices are safe, beneficial and should be recommended. For such recommendations to be safe for all infants, guidelines should include appropriate vigilance of infants. Responsibility should be with clinical staff to ensure that during breast feeding and skin-to-skin practices, parents are able to assess the airway, breathing and colour of their infant. Where parental observation of these parameters may be impaired by exhaustion or sedation, the responsibility for vigilance should reside with the clinical staff.
Subgroup of infants without an underlying condition
Nineteen of the 24 infants with presumed accidental suffocation survived to discharge. At 1 year, fi ve were noted to have neurological abnormalities (26%). Three have cerebral palsy, one has probable cerebral palsy with signifi cant motor delay and the other has mild global delay and hypotonia. All six infants who had no identifi ed cause for collapse were normal at follow-up.
DISCUSSION
This study is the fi rst to document the population incidence in the UK of SUPC in infants who were assessed as being healthy at birth. The incidence (0.05/1000 term live births) is consistent with case, regional and national series, suggesting an incidence ranging from between 0.026/1000 live births in the fi rst 24 h of birth 10 to 0.27/1000 where collapse occurs within 3 days of birth. 2 The overall BPSU respondent rate (94.6% for 2008) is higher than any equivalent UK scheme and ranks highly against other national paediatric surveillance units. However, complete ascertainment of all cases of SUPC occurring within the study period could not be verifi ed. This was due to the complexity of the case defi nition and the heterogeneity that exists in the classifi cation of such infant deaths, which precluded cross-checking against national and regional databases. As such, the incidence in this study may be an underestimate.
One third of infants had an underlying condition leading to collapse and a further 53% had situational factors that led to a diagnosis of presumed accidental suffocation. Of the latter infants, over 40% had a poor outcome of death or disability by 1 year. The association of skin-to-skin, breast feeding and prone position in SUPC has been reported previously. [3] [4] [5] Skinto-skin practice involves placing a baby naked and prone on the mother's chest and covered with a warm blanket. In a recent meta-analysis, skin-to-skin was associated with increased duration of breast feeding and maternal bonding behaviour without serious adverse events. 11 The benefi ts of breast feeding are undisputed. Both early skin-to-skin and breast feeding are promoted increasingly in maternity hospitals around the UK and are often accompanied by withdrawal of clinical staff from the maternity room so as to facilitate uninterrupted bonding.
Figure 2
Proportion of infants with no specifi ed cause for collapse undergoing investigation (n=30). USS, ultrasound scan.
